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Resistance of Ml n-lmets of Varyins Thicknesses and

|
.
|

of Ml Helmets ¥itted with ilastic Lizsrs tc Perforation by the

Sof{t and dard Typee of Celiter o5 nlvll aul). Agrunition
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ABSTRACT

Ballistic tests conducted upon the fronte und backs of Ml
helmets of varying thicknecses showed saried izcrecses in bal-
lietic resistznce up o thicknesees of 0,035" to 0,037 adove
whick thicknecs the increase w-s negligitle, The front of the
X1 helmet has o bdallirtic liwmi® arproxisntely A% hicher than
the dtrck. The plastic liner waz founa to terave in a drittle
Zanner and to rave no effect upcn tre talliwtic resistunce of
#1 helmets., The replacezent o the lirer by ap equivelen’
wolpght of steel in the kheloet shell resuited in a conclderatle
increase ir the dalillsctic esficlency.

uthority

421/ 2260, Wetn 42l /USL, dated 1 aupust 1S
o o b21/ 3395, Wtn 42)1/L86, cated 22 Novenber 1G4h
1nr avove lettere ar+ cortelned iz ..openiix A,

l:t

Il intrgauctior
A. Dlscuasion

I¢ had been cetermired ir the Jetreoit Crinmance Dietrict tlat it
was possible to recuce the depth of draw of tlie iil helmet by a3 much as
1/4" without impeiring tie fit of the plastic liner into the zelmet, It
was suggestad that the reducticn 1n tte depth of drav woul! resclt in the
procuction of llghter weight helxety: waich wruld be thicke:r, nevertheleeos,
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than tre noraal Ml helmets in tue zore below the tor of the crown where

the recuctioa iz gage 1¢ a% a maximun, In addition, it wae believed that
the recultcnt decrence in the extent of ceclz work!ng would preve effective
‘n lewesing the re:ildual stresces ana thus help alleviate the age cracking
protlern,

4r. £, F. Buliwir of the Jetruit Ordnunce Utetrict Office kas
developed a removetle fabric susvencion which can be attached By clips
to a4 wetal heacbusna svo% velded tc the irside of the Kl helmat shell.
Thin developmer: wac made with tbe idea of replacing the plastic liner,
which welpns approximmtely ¢ o 10 ounces, wit! an equivalent welrht of
v%¢€l in the helret shell for the purpose of improvirg the ballintic
recietance, It wae found that the helret shell could te ircreased in
thickn:oe by Approsinately G.COZY (25%) anc, when fitted with Mr, Baldwin's
mispersion, weigh nc more than tke precsent M1 holmet fitted with a plastic
ner,

3. Oblect of Tests

1. Tc determine the oalliatic limits of O,03" ana 0.0LE"

thick Hudfield wteel dlecs, .

2. ‘o determine vhat increase in ballistic erfficiency ie
cbtained oy fanriceting helamet: frorx toicker steel atock,

. 10 weterzire whether or not the sligsht coanges lo curve-
ture ana desipgn resulting frow the wecrem:ec dezth of drew result in
clanees iu the caullintic reeiwtance,

L, o aeterwine the zellistic charnctericstics of the plastic
liner wihen asseadied Juto the Ml helrmet ac a unit,

5. Yc compare tne vallistic reeistance of [\l heimets fitted
witsi plastic lineru to steel nelmets of oculvalent welght,
711 Comclusions

1. ehen toetod with the «ilaine netal Jecheted, =oft lead

ored caliber ,Us 21611 pistol ball ammunitien, the ballistic lizits of
t} ¢he front sanc tre back of tne ntelrets increaused rapialy with

2. wWhen tested with the copper clnd steel jmcreted, hard lead
sored caliver 45 MN19Y1l) pistol bull ampurition, the tallistic limitse of
both the front and the hazk of the helmets increased ruvidly with increae-
inys thickness up te 0,035", above which thi~ kvess no apparert {n-rease
eccurred,
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3, The froat of tha nelwmet posresies greater tnllilstic
resigtunce thar the dack, averagzing approxicmtoely 56 ft./sec. Ligher
ezatnat the voft projectiles and 35 ft./sec. agninet the harc prolectiles,

4, The plastic liner for the Ml helmet belves in a brittle
mannesr usder oulliestis iapact, fragrents being oroker off and the liner
cracking even wher the helmet shell itself is uol peretrated by tre
projectile,

5. The pleetic liner ie completely ireffective in ircreasing
the bellistic resintance of the k1 nelmet, whereus rounleciog the liuer
by en equivalent weight <f ze®al in the helmet shell resulted ia a
subetantial incresse 1o the ballistic efficlency.

6. Since no rogular draw and reduced drav helmete of tre vumeé
gare were subsitted for procf teeting, ro exact sonclueier recarding the
effect of reduced draw ugon the bellixtic charucterirtica of the Ml hnlmet
ta possi®la. The ballisgtic teste which were zorwucted, hevever, indicote
that 11ttls, if any, change {r bslliatic resietance rewaltc frex the
8dight clunpes iu curvature ani desirn accempsnying the recuced depth
01 araw, 2

7. The copper clad steel Jacketed, hard lesu cered caliber
J45 M1C11 pletol bell arzunltion yielded ballistle limite fres 130 to 170
ft./sec, lower tunn the gilding medal jecketed, woft leal projnctiles
when 1ired at helmet 2lace of the gages tested, anc frow 120 te 290 ft./sec.
Jower waen fired at uclmets,

€, The Yallintic perforrmnce of matericls tested with projec-
t1les which defora upon impact is zreatly influenced vy the deferming
craructeristics of the testing projectiles, DLower ballistic liaits result
fros tne use of prolactiles winich are mere resleotant to defermatiorn,

O seseripalon. of tatsxiil
ine @oterial receiveu for test conoisted of the fellowing ftems:

X . . . delret alscs, O.CHI" trdck,

O . . . dalmet alscs, C.CLE" tidck.

Eeamets, dveel ~l, regular daraw, C.C3i2" thick ot
tack: (statien ve. 8).

. . . celrete, steel 1, recular draw, O.C35" thkick at
bazk lstztion bo, £),

s
.
.
-

& . o o Halmets, Steel 41, reiuced drawv, 0.CL" thier at
back \station o, K/,

QO . . . Belzets, Stuel M1, recuced draw, O.C37" tLicr at
back (statlen Yo, 2J,
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EESTRICIED




D Sen, S Ll JTaac aih e (Lee Rt Vend Sl A S Gl e AN o L WL [RUY NSO o Seu bty o it ape R L he1 ] o d=Tg

20, . . %elmate, Steel M1, reduced draw, C.CI8" trick at i
vack (station io, 8),

10 . . . 8alpets, Steel #1, rezular draw, C,CUC" thick at
bask (statice =0, &/,

10 . . . Belmetu, Steel 41, regular draw, C,C12% thick at
back (etutior %o, #) an¢ 0.032" to C.C75" thiek
at front \statior #c, 4/,

10 . ., o flastic helmot liners,

Jhe welghts and serial nurbere of the helsets anc liners are contained
{n appenciz 3,

The projectiles usecd cenuistea of two tyves of calider .45 1911
pistel ball asmurnition, One lot comatetea of ¢1liing metal jacketed soft
leaa corecs, 42t E,(, 2U70WX, prcduced by the Zvansville VYranance Flant,
Tale lot was louna ¢ conform in chexical anslysis, haraness, and ballistic
characterietics to projectilec descrived ae types #»o0s, 1 anc 3 in
Watertewn Arsenal femorandum Bepert «o. #al 710/351°%, Thece scft prolectiles
ure currently bteingz uved for the acceptsnce testing of helmats at the
procucers’ placts, The second lot of projectiles consicted of copper clad
ttecl jacketed hurd lead corec aimilar to type Mo, 5 uescrited in the adove
repert,

The gun used wes a criider L5 Thempson sub-muccine sun barrel fitted
with a Spriagfield #1603 bolt actien,

v aeaile Al lest
‘A' P:r nn»ir:.

Ballistic limits were obtained or eight rendomly selected dlscs
of encn gage \,OK3I® ani .0L6") ueing the soft proJuctiles against four
of thie iisce ara the herd projectiles against the remaining four, The
dlece were rictaly clamped o a wooden framework wnich orovided a 1W" x 7"
whwcred ures for ballistic testing,

Tho twenty nelmzets of each cage (,037#, _C34N, L33Y, 037", emd
038"/ were uivided into two egusl groups, each ccmprising ten belmets of
€uch uge. VLo &roup <un tested with the roft prejectiles anc the other
witL the harc projectiles, The ovnllistic limits of each unit of ten
nelmets of the same gngZe were obtuined at scth the freot letatien 4o, U)
and tke buck ‘stutior #o, €/, Tke locutions of tce stations are

P - o - - oee . -—-——

*#aterton arsenal 2emorandur Report so, wAL 71C/ 351 - "Comzariscr of the
fayrical, Chenical, und Bullictic Froperties of Various dots of Calider U5
N161) Pietol Ball amcunitior Vsed for the Froof Testing of Belmets and
Boay arzor Clomponents", U4 December 16Uk, .




iliustrated in sicure 1, The stations are located along a longitudinel
plans paseed tirouch the aiddle of the helmet, with tre number U position
lylng 5*" up from tie rim of tie vieor ar mrusurel on the surface of the
helmet, anu the number 8 position lying 5-1/4" up from the dack of tke
helmet. %heee twvo positions colincide with the regions of maximum reduc-
tion in gzege occurring during the deep draving of tle helmet shell, The
ballistic acceptance test of the 1 nelmet ie nlways conducted at the
frort (station #o, 4/ of the nelmes.

The helmets were mourted or a wooder fraue for ballistic
teuting in euch manner that the prcjectiles izpacted the helmets norral
to the tanzent of the inpacted surfaces, see Fijure 1, The gun wae
mounted on a triped at a distance of 25 feet from the target, The
striking velocities were measured by means of an Aderdcen chrorograph
comected tc screens placed 10 feet apart; the nearest one being 10 feet
Jrex the sun,

Ballistic limits were obtaired at beth tke numter 4 and 8 stations
by firing at succeesive hnlmets of the same gare with varying velocities
tntil partial anu cemplete penetrations were obtained at velocities witkin
50 rt./sec, of euch other, In the majority of cases at least 2 .partial
peretrations and 2 complete penetrstione were obtained at velocities
with 2 29 ft./sec. of the ballietic limit velocity.

B. ). - ’ [

A eumzary of the results of the ballistic tests ie contained in
Tacle 4. Ibe results of the teats of the helmets of various gages are
plnttec grupnicelly in Figures 2 urd 3, and the Jetuilea ballistic records
are contained iu appeniix ¢,

«an btellistic reeults obtuined frow firing at flat nelmet
discs with Toth tre soft unc hard nrojectiles are co:u?ara.ble to those
previously ottained upon similar material in the past’ and are incicative
of satisfactory quality material,

The froats (station #c, 4/ of tre helmets were found to be
coneiwtantly superior to tha Dacks \station do, B/ in ballistic resistance,
averazing approxiwately 50 f£t./sec, higher againet the soft projectiles
and 35 ft./sec. against the harc proJjectiles, Unfortunately, except for
ono srecup of helmete, only the backe lstation do, 8/ were gaced, Exam-
inution of n relatively larye asount of oroduction data on hand at this
arsenal iz+icate that the station Yo, & position generaliy averages

“Watertows arseral Memoranium Zeport Ho, W.l 710/ 351 0n. cit, also,
Watertown arseail Memorsnium Report +g, Wil 7L0/63§ "3alliatic Tests of
G.0W0" - 0,050" daafield Stoel sheet witha Calider .49 Brll Projectiles
for Developrent of Specification Reouiremants,” 13 suy 134k,

-------
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0,001" greater in thickness than the station %o, & positicn, The difference
in the ballietic properties of the front snd the back of tae Ml helxey
c=nnot ve entirely attributed to the difference in thickness of these two
zones and may in part be traceaole to differences in curvature, hardness,
and residunel stress conditions,

Flgure U contaias photographe of the front and tias back of a
helaet after ballistic testing, showing the partial penetration of the
front at a velocity of 842 ft./sec,, whereas the back was completely
penetrated at a velocity of 614 ft,/sec., The extenszize indenting of the
helmet upon partial penetration is charazteristic of the effact produced
by the easily deforming gilding metal jacketed soft lead bullets. Upon
coap.ete penetration, the soft bullets generally produce large holes which
result from the tearing ou! and folding back of large flaps of motal, The
sopner clad steel jacketed bard lmad dullets, on the other hand, deform
to a much lesser degree than tae soft bullets and pradnce charactsristically
different psnetrations ani lower ballistic limit values, see Figure 5.
Since the hard bullet deforms less, the striking energy is distridbuted
over a smaller area whils less of the bullet's kinetic enerzy is used in
self-deforzation, allowing the dullet to renstrate at lower velocities than
the soft dullets, For the sazme reasons, the hard bullets generally produce
smaller openings upon complete penetration than result from the penetration
of soft dbullets. Sim~e the hard bulleis produce lower bdallistic limits,
partial peastration by the hard bullets occur at lower striking velocities,
resulting in less indentation and deformation at the region of impact,

Figure 6 contains photogranhs of two helmets, one .035* thick
and the other 0.040" salck at the back (station Ho, 8). Both were impacted
with gilding metal jacketed soft lead bdullets. The upper photograph again
indicates the superior ballistic resietance of the front of the helmat,
while the lowver photograph shovws partial penetratica of doth the froat and
the back at relatively high velocities, demonetrating the increased dallistic
resistance of thicker helmete.

The plastic helmet liner wvas found to behave in a drittle manner
under ballistic attack and to contridute nothing to the ballistic efficiency
of the N1 helmet. The upper photograph of Figure 7 shows a helmet whiok
bad bdeen partially penetrated by a gilding setal jacketed soft lead bullet,
The lover photograph of Figure 7 showe the plastic helmet liner vhich wae
fitted into the helaet during the bdallistic testing. The liner was ex-
teneively cracked and a piece was knocked out, evea though the helmet shell
had not Yeen penetrated by the bullet.

Figure S shows the inside of a liner which had been fitted into
& helmet during the ballistic testing., Comnlete penetration of the helmet
by £oft projectiles resulted in tie cracking and bdreaking of the plastic
liner in the vicinity of the impacts,

The coumparison detween the ballistic properties of 0,032" thick
M1l helmets fitted with plastic liners and steel halmets of eguivalent
weight is shown in Table I, Tha Ml holmets fitted wita plastic liners
vere consideradly thicker in the front than in the dack, averaging 0.035"

-----
.......

. .
.......................



Ty e

T . e TR N U hh ey T wee AT SIS AR A 2 Y S Y N A il s
iR e il s P o gl WO O T e R SR o o ok L TOT L R e L L

at station No, M4, By comparing the ballistic properties of the Ml helmets
fitteu wiia plastic liners to those of the backe of .032" thick helmets and
the fronts of 0.034" ani 0,03)" thick helwets §t is apparent that the liner
produces no cnange whatsoever in the bullietlc resiatance of the ¥1 helmet,
Steel helmets of equivalent weight to Ml helmets tfitted with liners averaged
0.740" thick at the back (station Ho. 8), Thess helmets wers found to have
considerably Ligher ballistic limits than the thianner halmets fitted with
ligers,

Siuce the plastic l.aer contribates nothlng to the balllstic
efficiency of the Ml helinet, (ko use of n weight of approximately 10 ounces
in the foru of a non-protective covariug may well te guestioned, It 19
belleved that consideration should ba given *n the design of & helmet
whica has a thickness at atation rumndber U and £ of not lese than N ,D37",
and with & eturdy suspension attached to the inside of the halmet shell to
sent the helmet firzly upon the heaa and at the cano time keep the inside
sarfuce of the hLelmet from coming into contaczt with any portion of the head,

Analyeis of production data covering a total of 510 helzots reveals
that U5, 8% of the total productisn nus a thicknese at *he front (station
Ne, K) o7 €,032" or lewe, Figurec 2 and 3 point t¢ the unnecesssrily low
bellistic efficiency of alrmeovt Ialt the currently producad helwete, Tune
results of thie ballistic program definitely indicate the advisability of
facreasing the thicknees of the M1 helmet,

If chunces in the design and thichneue of helreis are contemplated,
{t would protadly de necessary tc conduct fregrenitation tests to deternine
the resigtance of varicus types of aalmetc to penetratiorn by odd shaped
fregnente of greatly varyine size ana velocity, Such tests could be per-
formed by plecing a group of helmets avound a 20ne b.F. shell so that all
helmets present 1dentical suriaces to the frasments resulting from the
detenution of trne shell., Such tests must of necessity be conaucted upon
a stetlstical basis using a sufficient nuzber of helmetes and tests to
yieid sigrificant results, The weight and numsber of fragzments penetrating
ana beirg retaiped inside tlie holmete could be used to evaluate their
tallintic efficlency., Slzilar tests of flat telmet steel and body armer
comporerts huve deen conducted at the Ordrnence Hesearck Center, iAberdeen,

The helwets huvirg the normel depth of draw were 0.,032" and
0.C25" tuick at eution No. 8, whereas the raduced draw helmeta were 0,03L7,
0,G37%, ana 0,CB" tnick a* stuticn Ne, 8. Comsequently, no exact
detersination coula ve made or tue effect upon the dallistic properties of
the chonges in curvature and design resulting from the reduced draw., The
resulte of the bullietic teste iniicate, however, that little if any changes
in bellistic behavicr résulted from the changes ir curvature irduced by
tLe reduced draw,

The weightz of the helmate =ubmitted for vallistic testing are
contelred in Appenils B, and a graph showing the relationship between the

-7 -
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welght and the thickness of heimets 18 shown in Figure 9, The effect of
the reauced araw uporn the welght of helmets could not be deternmirned since
the regular drav helmete were not in the finiehed conditice, whereas the
roducead draw helmets were fitted witt edgirg, loops, and chin streps, and
vera vainted, Figure 9 indicertes that an increase of guge of 0.CO1" {8
accozranied by nn increase in welpht of approxipately one ounce,

Q. bl

A, Jurlich
Aggoc, Metallurglst

AFFRCVED:

€. X Kt

2, L. REED
Racenrcy Metellurgist
Acting Chlef, Armor Section
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TA3LE I

Ballietic Tests of Felmets and Helmet Discs

Hairet Divce
Cal,.45 M1611 3all
Thickness Projectiles Used Ballistic Lizit ft./sec.
Lift ko, Hest No, inches _ for Testing (Average of 4 Tests)
L)
' L Gilairg metal Jacketed, 1 +
13226 20055% 083 soft lead cores 120 & 2
13327 210557 046 " Y 114 s+ 11
! Copoer clad steel Jacketed i
1326€ 200554 -043 hard leaa ceres 9% & 15
13327 210557 .0L6 v " 1013 ¢ 12

lzets

be 2]
[ ]

Projectiles - Cal.,l5 M1911 ball Ammunjition, gilcing metal jacketed, soft lead cores,

—__Eallistic Limit - ft,/esc

Thickness at Front of Helmet Back of Helmet
Station Yo, &, inches Type of Eelmet (Station No, 4)  (Statien No, §)
032 recular draw 836 783
.035 regular draw 911 - Tl
O3h reduced drav 863 791
037 reduced drav 956 943

.038 reduced draw 967 882
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TaBLE I (Cont'd)

Projectiles - Cal, Lu5 M1011 3Ball Ammunition, copper clad steel jJacketed, hard
leeda cores,

Ballistic Limit - fti[soc:
Taickness at Front of Helmet ack of Helmet

Staticn Xo.&, inches Type of Helxet (Station No, 4) (Station No, §) -
032 regular draw 56U 542
.035 regular draw 735 674
.03k reduced draw 700 669
.037 reduced draw T0L . &2
038 reduced draw 723 107

Comparison of .C32¥ M1 Helmets plus plastic lizers to .CLO® Helmets,

Thickneee a?

Staticn No,& Type of Cal, .4 M1911 Ball Front 2f Helmet Back of Helmet
inches delzet Projectiles Usea (Station No, L) sgt.tton laig’
T Stesl gilding metal Jacketed, 957 alg
helmets soft lead cores
¥l helmete 2 " .
-032 plus liners 529 ) 186
Steel copper clad steel Jacketed
.0%0 helxets hard leal coreec 716 682
.032 Ml helmets “ " 621* Yot determined

plus liners

*Fronts of healmets averaged 035" (etation Ko. 4) while backe of helmets were
.012% (etation No. 8),
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o g

........
........................



54

4
,OK
Locarion oF SrAarons. BALLisTic TESTS
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Helzet No, F3. Reduced Jraw, 0.034% at Station Number 8. Partial

penetration of front (station 4) at 8L2 ft,/sec. Gilding metal jacketed
bullet, Diameter of incent - 4,1%,

Heluet Mo, F3. Complete penetration of dack (statien 8) at 81k ft./eec.
¢ilding metal Jacketed, soft lead builet, Size of opening - 1.4 x 0,9%

FIGURR &




Helset No. G18, Reduced draw, ,C37% at station number 8., Partial
venetration of front (station L) at 695 ft./sec. Copper clad steel
jacketed, hard lead bullet, Diameter of {ndent - .1,

e -0

Beimet No, Gl{, HeTICed draw, at station number 8. Complete
Fenetration of frent (etation 4) at 781 ft./sec, Copper clad steel
Jacketed, hard lead bullet. Sisze of opening - 0.70 x 0,489,

FIGURE 5




Helmet No, E9, Regular draw, ,035" at station number 8., Partial
penetration of front (station 4) at 908 ft./sec. UGilding metal
Jacketed bullet, Complete penetration of back (station 8) at 869 ft./nc.

Helnet No, K4, Regular drav, ,CH0" at ntat)cn aumber 8. Partial

enstration of front (station h) at 944 ft,/sec, Gild aetal
gmnad oullet, Partial ponotratlon of back (station ibn)‘ at 899 ft./uc.m




partial
1 jacketed

degular dra¥. 032" at station nusber g.
%% f&./sec. G1l1aing nete

EO]J\O‘« 0 . . M
enetration of back (station g) at

pullet.

J1 during valll

Liner ynside Helmet No.
and extersive cracking resulting {ron P




Ballietic Tests of 4] Helmets and Liners

Helmet No, JE. Inefie view of liner {n helmet after ballictic testing,

vomplete rensirafiss o # frouc (station &) at JL3 ft./sec, Liner crackei and
{ragrenvs broken aw: Y.

Complete penetration nf back (station 8) at 89g ft./sec,
of liner,

Birars covering head were cut awey te show the penetrations,

Projectilas - cal. 40 K191l kall, 2iliine metal Jacketed, soft laead bullets,

srasment blown out

.
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attn:
SFOIS

W
WAr LEpanTalhT 73819
OFFICE OF THE CHIBF OF ORDTANCE
WASHINGTON, D, C.

14 August 1944

Subject: Helmet, Steel M1

To: Commanaing Cfficer
Watertown Arsenal
Watertown, i{ass,

ie Attachea herewith in cuplicate ie shipping btuer, Sau Wo2l, cover-
ing the shipment of tie following helmets to your arsenal for dallistic test:

a, 50 - Helpets, Steel M1l fabricated from steel stock of ,Cll + ,0C3
with same depth of draw aes current helmets,

b. 30 - Heluets, Steel M1l fabricated from steel stock of ,CUk ¢ ,003
with 1/4" reduced depth of draw,

€. 50 - Helmets, Steel Ml fadbricated from steel stock of .CU6 ¢ ,003
with same depth of draw of current helmets,

d. 50 - Helmets, Steel M1 fadricated from stesl stock of ,046 ¢ ,003
with 1/4" reduced depth of draw,

2. 3ach helmet is to be tagged to indicate the method of fabrication
togethar with the aepth of draw ani thiskness and location of the thinnest
saction., It is reguested that your office determine the dballistic linits
on these helmets in an attempt t5 determnine which of the four groups produced
the highaest dalliatic limits., In addition, it is requested that all helmets
bYe fired at a minim.m of one shot on the top of the crown in an attempt to de-
teraine the maximum depth of indentation without penetration, The purpose
of this test is to detarmine:

A, aliether or not the helmets fabricated witn 1/U" reduced depta of draw
will Zive Bigher bdalilzsi+ limits,

b. To detarmine what increase in ballistic efficieacy 1s obtained by
fadr! cat&n: helmats from thicker stael stock.

it {s understood that tiacs» nelmets will be shipped to your arsenal
within the next fev days froa the Mclorl Radiator & lMfg, Co., After the bal-
listic doterainutiong have bean made, it ie requestad that your office sudmit
tae results by indorsezent nereon pricr ¢o.the memoranium report.

By order of the Chiaf of Ordunance:

i

(¥ 2) ¥. ¥. VOLSEZRO
Major, Ord. Dept.
1 Incl,(1a dup.) Sad %021 Assistant

...........
* - " .

.................
..................................



Hew! tt/ver
a2 USPARTMENT 73819
OFFICH OF TAs CAlas OF OxIwaANCE
waSHINI205E, D. C.
0.0, k21/3395
attn: SPOL3 22 Novewder 134l
’
Subject: Helmet, Steel Ml
To: Comaanding Officer
aateriown arsenal
natartown, bMass, Attn: Major N. A, Matthews

1. Atiachei nerewith are dunlisste coupies of shipping orcer, SAD
bokl, covering shlpmont of 10 deimuta, Steel Ml (.0UQ thickness weighing
LZ ounzes plus or mizus teo cusces) and 10 Helmeta, Steel M1 (,032 thick-
ness at thinnest spot with helmet liner, plastic). t is requestea that
ballistic limite be made on tae 10 nelmets welghing 48 ouncas plus or minus
twn ounces and aleo that bdallistis lim!‘s be determizei on the 10 Lelmets
0f .032 thlcriress with the belmet lizer plastic in place, It i3 requestad
that the poin® of impact be at station nuaber 4 ani station nuader € loca-
tei oy mvasurinc 4" detween stations from the froaot of ths visor oa a
line {a tae lonzituiinal plane of the nelaet,

2, On shipping order, SAD 4243, 4duplicate copies attached, the fol-
lowing material {8 delng forwarded:

. Helmet Diacs (,043 taicimess)
. Eelmet Mscs (.0U6 thlckness)
. Helmet Discs (.050 thickness)
. Holzets, Steel M1 (regular draw talckness .032)

rielrets, Steel M1 (regular draw thlckness .035)
. . Helmets, Steel Kl (reiized daraw shisknoess ,034)
. . . Helmets, Steel Ml (reduced draw thlckness .037)
X .. . Hdelnets, Steel Ml (reduced draw thickness .033)

BURVEIYY

It 18 reguested thut balliatic limits be determined of the flat shset stock
of tne thizknoessed listed above as wall as the bLullistic limits of the hel-
mets at the rumber U and B stutione a3 descrived in parugraph 1. This test

will auperaoia taat requested in a letter froa tils office dated 13 Aug, 1944

file CO 421/30260,

3. The purpose of these bulliatic determizations is to determine
whether or not the slie¢ift changes in curvature and desizn of the helmet will
iucraase the dnlllsetic charactaristics, It is requested that these
oalitstic aetersinntions or expeiited and a report be made by iadorsement
of tae resalts,

By ordar cf the Chisf of Ordnance:
(s/7) F. M. VOLBERG
Major, Ord. Dept,

2 Incls, Aseistant

AR s R R R IR I e S
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Aeizhtq of Lelmets

Eelvet Nos: 01-D20, Regular draw, 0,032% thick at back (station No. 8).
In arawn, trimnei, and spanked condition., No edging and loops,

unpainted.

Carnegie-Illinois N [ "
delxzot No, Ligs lio, deat No, _ . Grams founds Ouaces
ot 73340 200597 915 2 /4
02 4 p 887 1 15-1/4
D3 . " 910 2 1/8
Dy " " 917 2 3/8
» " " 893 1 15-5/8
D6 () " 342 2 1-1/%

o7 " 2 906 2 -
I8 73341 B 976 2 a-3/8
) 733% " 928 2 7/8
1o P i 925 2 5/8
m " " ‘ 931 2 1/8
D12 g 2 932 2 1/8
n13 " ¢ 508 2 1/8
ok " " 910 2 1/8
ns " . 921 2 1/2
2o : ? 933 2 1/8

N7 " " 536 2 1

N2 " " 933 2 1/8
03 0 . 922 2 1/2
220 " " 91y 2 1/8

Average 922+ 13 2Lbs, 1/2 4+ 1/2
gramne ouncs

Appan:i.it 3-Page l
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S08: EL-L20. Regular drav. 0,035" tatck at back (station No. 8),
In drawn, tcirmed, and spankea cundition. Ko edzings and loops,

unpalnted,
Carnoie-I1linods Height -
" Lelme: ¥o, Lify o, ~—Heat Mo, __ . Grams Pounds Ounces
Bl 1333 - 210557 993 2 3
&2 " : " 599 2 3-1/4
£3 713342 200597 993 2 3
o " " 1011 2 3-5/8
25 " u 1008 2 3-5/8
6 " " 1003 2 3-3/8
£7 " " 1014 2 3/u
£8 73330 210557 998 2 3-1/4
E9 7334 200597 380 2 2-5/8
£10 73336 210557 997 2 3-1/8
£ 7334 200597 1032 2 4-3/8
Bl12 . " 998 2 31/4
£13 " " 996 2 3-1/8
I1h ’ " 1000 2 3-1/4
215 " " 1006 2 3-1/2
316 u " 978 2 2-1/2
217 133W 200597 963 2 2
12 7338 200597 1006 2 3~1/2
il9 " " 1013 2 3-3/4
Dh.o) " " 288 - =
average 339 4 10 21bs, 3-1/4 + 3/8
grams3 oungces
appendix 3 - Fage 2
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Helmet Nos: Fl-F20, Heduced draw, ,CI4" thick at back (statien
No, R). Helmets ia finished condition, edgings and
loop attached and painted, Kelmots drawn froa 0.0W5"
thick discs,

Weizht

Holmet Ko, McCord Corp. Yo, Grans Pounds (Ounces
n 517 1003 2 3-3/8
12 528 1023 2 4-1/8
F3 516 997 2 3-1/8
Fi 485 1011 2 3-5/8
5 510 997 2 3-1/8
Fo 439 -- - --
7 524 1022 2 4a1/8
¥8 Lay 1037 2 45/8
9 495 1047 2 L.7/8
no ure 1013 2 3-3/4
1781 L8y 10% 2 L.3/8
F12 452 1017 2 3-7/8
F13 - 469 998 4 3-1/4
il 487 1023 2 L-1/8
s 491 1023 2 L-1/8
M6 502 1018 2 3-1/8
F17 519 100€ 2 3-1/2
F12 521 105 2 4.7/8
F13 Lr3 1003 2 3-3/8
T 506 996 2 -1/8

average 1016 & 13 2Lbs, 3-7/6 ¢ .1/2
£rans ounces

Appeauix B - Puge 3




Helnet Nos: G1-G20., Reduced draw, 0,037" thick at dack (statien
No, 8). Helwets in finished condition, edvings and
loops atiached and painted. Helmets drawn from 0,047
thick aiscs,

Welght
Helmet io, rclord Corp, Co, Grams Pounds Ounces

Gl 954 169 2 . 63/u
32 992 1093 2 6-5/8
@3 93k 1083 2 6-1/4
Gl 1008 1128 2 7-3/4
G5 952 1106 2 7

Gb 9% 1103 2 7

07 929 un 2 7-1/4
GS 1004 1097 2 6-3/4
69 €75 1102 2 6-7/8
610 956 1113 2 7-1/4
Gl1 964 1068 2 5-1/2
512 287 1078 2 (3

G13 1006 1058 2 5-1/4
Gll 996 1056 2 5-1/4
G15 925 1110 2 7-1/%
016 - 1086 2 6-1/4
a7 935 . 1103 2 7

G18 82g 1095 2 €-3/b
G19 994 1108 2 7-1/8
G0 b 1103 2 7-1/8

- Average 1085 + 18 2Lbs, 6-1/k + 5/8
gruzs ounces

appendix 3 - Page U4




Heluet Nos: Hl-H20, Heauceu drew, ,038Y thick at back (station
N0o.8). ielmets in finisned condition, eidzings and
loop attecasd and painted, Helmets aravn from 0.049 -
0.050" thick discs,

Welzht
Helmet No McCozd Corp, No, Grwne Pounds Ounces

H1 =~ 111 2 7-3/8
H2 1271 1128 2 71-3/u
H3 1309 1112 2 7-3/8
BY 1346 1136 2 8

5 1317 , - 133 2 7-7/8
H6 1363 1149 2 8-5/8
g7 1307 1150 2 8-5/8
H8 1379 1146 2 8-1/2
H9 1338 12k 2 7-3/4
419 1279 13l 2 1-7/8
A1l 1376 118 2 1-1/2
K12 1270 1113 2 7-3/8
H13 1333 1123 2 7-3/4
ali 1285 1106 2 7

K5 1354 1120 2 7-1/2
K16 1364 1130 2 7-3/4
K17 1353 1123 2 7-3/4
H18 1361 1135 2 8

319 1333 1106 2 7

L0 1277 1143 2 8-5/8

Avarage 1127 + 11 2Lbs, 7-3/4 + 3/8
Zrams ounces

appondlx B - Page 5




delnet ¥os: J1-J10, BRegular drav, ,032" thick at back (station F¥o. E).
Helmets fitted with plastic liners. Helumets trimmed :und spanked,
lo edsings and loops attached, unpainted,

- Thickness Weight of Weight of

Steel “ront Back Helmet Skell Liner

Helmet o, Source (Station No, U) (Stution lo, 8) Grams Oraus
J1 Carnegie .035 032 986 218
J2 " 03l 032 93k 275
J3 " 032 032 910 280
Jb " .033 | 032 : 900 81
J5 Sharon 035 .032 . 900 7
Jé » 035 032 943 285
37 " .035 .032 TN 280,
J8 H .035 032 943 218
J9 . . 034 .032 927 216
J10 Caraezie 03k .032 959 278

Ave, CUO 4+ 18 grams 280 ¢ 3 grams
2 Pouads, 9-7/8 + 1/8

1-1/4 4 5/€ ounces ouaces

Appenils = - Fege €



Felmet Nos: K1-K10: Regular drew. 0.0LO" thick at back
(station No. 8). Zdging, loops, and suspension
rolder attached, unpainted. Helzets arewn from
0.051 - 0.CH2" thick dieco,

Helmet No. eSord Corp. No. Weight - grams
Kl 1622 1243
K2 1597 . 1257
K3 158L 1248
¢ 1555 1256
L 1692 1249
K6 1576 7 1233
Z7 1fo2 1260
¥ 1520 1213
k9 148z 12u8

v

K10 lo0g 1287

Ave. 1251 + 10 grems
2 Pournds,
12-1/4 + 3/& ocunces

Appordix B - Fage 7

.......
. TN

......................
...........................
o' o' 4



. .
......

APPENDI}F“Q
Ballistic Results

Part I - Balliotic Teste of Ruafleld Steel Sheet
Part Il - Bullietis Toests of M1l Halaatsg




PAET 1

Ballistic Teste of Huifleld Steel Sheets

164" Diemeter Discs
Plate Nos: Al, A2, A3, alt, Lift No, 73286, Heat No. 200554, Carnegle-
I11linoie Steecl Corp,
Toicknere: 0.Ch3¥
Frojectiles: Lalider .U5 K191l Pistol Ball Ammunition. lot E. C. 2hTolx

(Eveneville Ordnunce Flant) gilaing metal jacketed, soft
leac cores, :

Runge: 25 £,

Flate No, al

strikicg :
Bound o, Velocity ft.[sg,c. Result on Plate
1l 976 FP, Mediu: dulge
2 1045 PP, Large bulge
3 1084 FTP, Jisregurd, hit 3/U®
from round ¥2
4 1068 FP, Large bulge
5 1c1 PP, Large dulge
6 1101 PF, Larce tulge
7 1108 : PTP, 1.7" z 1.6" opening

Ballistic Limit - 1105 ft./sec.

Plete bo, A2

Striking
Round Mn, Velccity ft./sec, —.__Result on Flate
1 1038 PP, Large bulge
P lost PP, Large bulge
3 107€ - PP, Large bulge
4 1100 . PTF, 1.58" x 0.9" opening

Ballietic Linit - 1088 ft,/sec.

Appendix ¢ - Page 1




Plate No, A}

Striking
Reund Mo, Velocity ft./sac. ; Result on Plate
1 loet PP, Large bulge
2 1108 PP, Large dulge
3 1128 PP, Large bulge
L 116 FTP, 1,4" x 0.7" opening

Ballisetic Linit - 1137 ft,./eec.

Plate No. Al

Striking
Rouzd No, Velocity ft,/mec, Result on Plate
1 1092 PP, Large Wulge
e 1120 ’ PP, Large bdulge
3 11 % PP, Larxe dulge
4 1146 PP, Large bulge
5 1158 PTP, 1.1" x 0.6%0pening

Ballistic Limit - 1152 ft./sec,

Platee Nos: A5, A6, A7, A8. Lift Jo, 73286, Heat ko. 20056k, Cernegie-
Il1licois Steel Corp.

Thickn#ss:  0.0L3"

Frojectilee: Caliber U5 MI911 74 ete] Bell ammunition, ~Frunkford Arsenal,
Copper-clad steel jacketed, harc lead cores,

BRanges 5 ft,
Plate'io. A5 Striking
Round Mo, Velocity ft.[/sec, Result on Plate
1 986 ' PTP, 1.0"x 0.5% opening
2 864 PP, Mediim bulge
3 960 PTP, 1.0"x0.9" opening
b 921 | PTP, Disregard, hit 1/2*
from Round 3
¢ 917 PP, Lurge bulge

Ballietic Limit - 939 ft./sec,

~

Append.x O - Page 2
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Plate Yo. Ab

Round e,

1
2

B

Flate do. al

Aeungd Yo,
1
e

Plate No. AE

Bound lo.
|
2
3

Striking
Velocity ft.[/sec. kesult on Plate
616 PP, Medium bulge
922 PP, Medium bulge
951 PTP, 1.2" x 1,0"0pening

Ballistic Limit - 937 ft,/eec.

striking
Velocity ft,/sec. Result on Plate
937 PP, Medius bulge
942 PTP, 1.0" x 0.45%pening

Ballistic Limit - 9UG ft./sec.

3triking
Velocity ft./sec, Result on Flate
989 PTP, 0.5* x 0.5" opening
916 FF, Yedlum dulge
569 PP, Large bulge

Ballistic Linit - 979 ft./sec,

Appendix ¢ - Fage 3
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Plate Nos: Bl, B2, B3, 3-16. Lift No. 73327, Heat No. 210557, Oarnegie-
. Illinois Steel Corp.

Thickness: 0.0U6"
Frojectiles: Caliber U5 M1911 Pistol Ball ammunition. Lot E.C, 2UTONX

(Evanoville Ordnance Plant) gilding metal jacketed, soft
lead cores.

Range: 25 ft,

Plete No. Bl

Striking
Round XNo, Velocity ft./sec, Result on Plate
1 1093 PP, Large dbulge
2 1120 PP, Large dulge
3 lost PP, Large bulge
4 1146 FP, Large dulge
5 1178 PP, 1.0" x 0.8" opening

Pallistie Limit - 1162 ft./sec,

Flate No, B¢

Strikirg
Zound No, Veloeity ft./sec, Result on Plate
1 17 PP, Larige bulge
e 1167 PTP, 1,2" x 1,0" opening

Ballistic Limit - 1147 ft,/sec.

Plate Yo, 33

Strik:ng
Bound No, Velocity ft./sec. Result on Plate
115 FTP, 1.,2" x 0,7" opering
2 1100 PP, Large dulge

Ballistic Liamit - 1123 ft./sec.

appenaix C - Fage U




Plate uso. 3

Striking
Round No. Velocity ft,/eec, . Kesult on Plate
1 1109 PP, Large bulge
2 1135 PP, Large bdulge
3 1167 FTP, 0.2" x 0.7" opening

Plate No.a_:

Thickness:

Pro“ectil_e_l_:

Bange:

Plate No, E5

Round Ne,

1

y 4

\~

Plete Ho. 56

Round No.

N

---------
''''''''''
'''''''''

3allietic Limit - 1151 ft./sec,

35, Bo, 37, B8, Lift No, 1328€, Heat so. 200594, Carcegle-
Illizoie 3teel Corp.

0.ClUbw

Caliber .45 ¥i9l) “istol 3all Amrunition, ZFrankford Arsenmal.
Copper-clad steel jacketed, hard lead cores,

25 tt.

Striking
Yelocity ft,/sec. Result on Plate
939 PP. Medium bulge
9% PP, large bulge
996 FIP, 1.1" x 0.8" opening

Ballintic Limit - 993 ft./sec,

Striking
Velocity ft./sec. Result on Plats
991 PP, large bulge
1021 PP, 0.9" x 0.8" opening

Ballistic Lizmit - 1010 ft,/eec.

Appendix C - Page §
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Plate o, B]
Striking
Round Ko, Velocity ft./aec, Result on Flate
1 996 PP, Medium “ulge
b4 102¢ PIP, C.%" x 0,9" opening

Ballietic Lialt - 1012 ft,/sec.

FPlate o, B8

Striking
: Round No, . Veloeity ft./sec, Result on Plate
1l lost P¥, Medium dulgze
2 1030 PP, Hedium bulge
3 1034 PIP, 1,0% x 0.6" opening

Bullistic Linit - 1038 ft./sec,

Appendix U - Page 6
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EaRT 11

Ballistic Tosts of Ml Helrets

Helwet Nos: D1 to D10. Lift Me. 7234, Heat No. 200597, Carnegie-Illincis Steel
Corp. Regular draw. 0,932" thick at back (statlon No. 8), ,

.Frolject_i’l_e_s: Caliber .15 M1911 Picttol Ball Ammunition. Lot E.C. 2470LX (Zvaneville
Crdnance Plant) gilding me tal jecketez, soft lead cores.

Range: % ft,
Front of lelmet (Station Yo, W) Back of Helmet (Statios Jo. 8) . ___ _
Helmet OStriking Veloclity Striking Velocity
No, f£t./sec, Result on Helmet ft./sec, Reault on Helmet
n 1011 PTE, 1,3"x0,G"opening lost PP, diam.of inaent-3.9%
D2 912 PTP, 1.5"x1,2%openiang 783¢ PTP,1,.2"11.0%pening
D3 g56® PTP, 1.4"x1.C%opening 152 FP,dlem.0f indent-U, 5®
o4 75k PF, diam.of indent-l u* 78 FP,iian.0f incent-4,1"
5 859 PTP,1.C5"x0.25%orening 801¢ PTP,1.U4"x1.0"%pening
06 gege PP, aiam.of indent-L U4® 765¢ PP, diam.of indent-4.0"
Py gho* FP, 1.3"x1.15"opening |
8 830¢ PP, diam,of indent-k, 3"
Bellistic Limit - £35 ft./sec. Ballistic Limit - 783 ft,/zecz.
Front of Lelme? Back of Helne!

*lapacts at veloclities within & 25 ft,/ses, of bdallistic limits,

Appenaix C - Page 7




Helmet Vos: D11 te D20, Lift No. 7334, Heat WNo. 200597, Carnesie-Tllinolia Stesl
Corp, Regular draw, 0,032" tajok at back (etatlon No, &),

Projectiles: Calibar .45 M1511 Pistol Ball ammunttlon. Frankford arsenal,
Copper-clad steel jucketed, hurd lend Cores,

Range: as fv,
—.Jront of deluet (Station Xo. 4) Back of delmot (Station ¥o. 8)
Helnat Striking Veloecity Striking Veloclity
Mo,  _ 2t.[sec, __Eesilt on Helmet fv./sezs, Reasult on Helmet
nil 609 TP, 1,0"%0.5"%0peniag 53g" PP,diam,of iadent-3,L"
D12 _5‘06‘ PP, 1.2"x0,5"opening 545 PTP,1.0"x0.5"pening
ns3 A0k 2TP, 1.0"xU. 7%pening
D1y 581¢ PTP, 1.5"x0.b"opentag
ns 541* PP, diam.5¢ tadent-3.6"
16 Sl PP, diam,of indent-1,7°
n7? lost PP, 1iam.of indent-3 7%
ne 535" PP,diaz,of indeat-3. 6"
03 625 FTP,1.0"20.5"%pening
220 hale PP,1lam.n? indent=3. 5"
Ballistic Limit - 504 fr./mac, Ballisvlc Limit - 3542 1t /sec,
front of Halaet Back of delnet
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Holmet loa: El to 210. LIft &oa, 73330 and 73341, ieat Nos. 210557 and 200547,
Carnegle-1llinols Stenl Corp. HRAegalar draw, 0,035" tnick at back
(atation ho. 8§).

Projectilas: Callver 55 M1511 Fisto) Bull smmunitlon, Lot £.2,2470WK (avaasville
Orunance Plant) pilalag metal jacicaty, soft lena coreu,

dAangs: 25/ 1%,

P e

Froat of gelmet (Station No, b)

- - o~ -

Helme: Striking Velocity Siriking Teloacly

No, g JEhuleses Eusult on Helmo: S fene. _ Aesalt on Helmet
A1 880 PP, Disrcgard, 34" g32 PP.dtam.sf 1adant-L 1"

low
E2 £53 PP, alan,af lndenc-4 L¥ 302 PTP, 1.L4%x1 . L%opaning
- X8 951 PTP, 1.4"x1,15"0pening 103 PP,dtan.0f indent-i Y4v
U . glue FT?, 1.4"x1, 1" op-niagz gaoee FP,1iam.of indent-U4 2"
25 389* FP, aimm.o? iadent-U v 387 2P, 1.,5"d,3"pening
26 ggae PP, dlam.nf indens-L Un  gog PTP, 1,40l O%per'ng
17 lout PP, aiam.nf indent-k G4t 354 F?,ilan,n? indent-U, 3¥
A8 “9o8* PP, dianm,s? inden:-U o gege PTP, 1.3"x1.2"pening
£9 3C8e PP, diam,nf Lindent.l, 70 69 PP, 1.2"x1.15%pening
310 935* PTP.1.25"11,10"opening gl PP, d'am.n?f indens-l,?'
Balliseic Limit - 911 ft./sec. Baliistic Limit - 861 ft,/sec,
Froat of delme Back of Halmet

*¢ Disregarded because cozplets punetrations ozcurred a% 14 and 13 ft./ses. lowe=,

Appenltx C - Pege 5
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Helmet live: X1l - E20. Liftv hos, 73335 and 73341, dent Nos. 210557 and
200997, Curnezie-lllinois Steel Corp, Hegular raw, 0.033"
taizk at bask (etatlon ko, 8).

Projectiles: Calizer .U45 4l911 Pistol Ball Ammualtion, Frunkford Arsenal.
Copper-clad steel jucketed, hard leud cores,

Range: 25 faet

_Frony of Holaet (Station No, b) _ Back of Helme: (Station No, 8)

........ on e, .
Strizing Striking
Helmat Velocity Velncity
No, _ ft./uec, Rasult on Helmet _  ft./ecc, Renalt on Heluet
1l 172 PTP, 1.9"x0.2" opening 655 PP, diam, of indent-3,5"
E12 658 PP, dian. of indent-2,6" 796 PP, 1,1"x0.7" ovealsng

Ei3 769 PTP, 0.9C"x,70" openingz 723 2TP, 1.0"x0.6" opening

Ell 754%  PIP, 1.0x0.7" opening ey PP, diam, of indent-3,5°
El13 667 PP, dlum, of iadent-3,7" 754 PTP, 1,4¥%20.7" opening
K16 716* PP, diasp, of indent.4,00 717 PP, 1.1"x0.7"opening
z17 == - 651 PTIP, 1,9"x0.5" opening
Balllstic Liuit - 735 £t./sec. I;nluutlc Limit - 674 ft./sec,
Front of Helmet Back of Helxnet

Appendix C - Page 10

......
-----



Helmet Nos: Fl - Fl10. Kediyced draw. ©0.034" thick at dack (statlon lo. 8),
Helmets in finlehed coendition, edzing and loops atlached and
painted,

Projectiles; Calider ,u5 M1911 Pigtnl Ball Ammanttion, Lo¢ R.C. ah7oLX
(Evansville Ordnunce Plant) gilding zetal jJackets, soft lead
coras,

Range: 25 fony,

Front of Helmet (Station No, L) Back of Helmet (Statlon Yo, 8)

Striking strik%iag
dBalzet Velocis: Velncity
No. . ft,/sec, Res:lt on hHelmet  ft, /sec, Result on Halset
Tl g3l PP, diam. of inuent-U OV .- - m-
F2 203+ PTP, 1.4"x1,0" opening 80“* PTP, 1.3"x1.0%pening
F3 ghoe FP, dlam, of indaat-b. 1" 8lk*  PTP, 1,4"x0,9" opening
Flb gu7e FP, dlam, of indent-h.h” 817 PTP, 1.3"x1.95" opening
5 832 PP, alam. ¢f indent-4 5% 30§ oTP, 1.05"x0.9" onening
) 838 PP, alam, of indent-L_ 2" 767* PP, diam, of indent-i 0"
B0 &5 PP, dian, o indent. b, u" 773 PP, diam. of indent-L 3
¥e 902*% PP, dlam. of indent.d4,5" lost PTP, 1.5"x1,2" opening
Fg Q1§ PTP, 1.1%"x0,75" opaning g1k  PTP, 1,2"x1,1" openlng
o g80* P1P, 1.9%"x1.0" cpening 253 PTP, 1.1%c03,9" opening
Ballistic Limit - 8063 f:./sec, Ballistic Lim't - 791 ft,/seac,
¥front of Helmet Back of Aelnot

*® Lisregaried becnuse coasplote penetratiors occurred at 22 and 34 ft,/ser,
lower velocities,




Helmet Nos: Fll - F20. Reduced araw. 0,024" thick at dack (station No, 8),
Helgets iz finished condition eigings und laops attached and
painted.

Projectiles: Caliber .45 M191l Pistol Ball Amaunition, Prunkford arseanal,
Copper-clad steel jacketed, hard leai cores, 0

Range: 25 feet,
Front of Helmat (Station No, L) Back of Helmet (Station No, 8)
striking Striking

Helret Velscity Velocity

No, £t,/sec, Hesult orn Eclme® ft./sec, Result on Helmet

nl loat PTP, 0.6"x0.5" opening ? 635 PP, diam, of indent-4,6 7"
712 604 PP, dlax, of indent-3.,8% 616 PP, diam, of indent-3,7°
713 61k PP, diam, of indent-3.8" 706  PTP, 0.9"x0,7" opening

Fll 709* PTP, 0.75"20.5" opening ©79¢ PTP, 1,20"x0.7" opening

¥15 691°* PP, diam, of indent-3.9" 658 PP, dian, of indent-3.8°"

F15 038 PP, diam, of indent-3,75*%
Eallistic Limit - 700 ft./eec. Balliatic Liait - 069 ft./sec,
Front of Helmet Back of Helmet G
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Helmet Nos: Ol - G1O, Rednced drav, 0.037" thicik at back (station Wo, 8).
Helmets in finiched condition, edgings and loop attached and
painted.

Frojectiles: Caliber .45 ¥1911 Pistol Ball Ammunition, Lot E. C. 2u70MX
(Zvaneville Ordnance P}ant) 2i1ding metal jacketed, soft lsad

cores.
Range: 2> feot,
Front of Helmet (Station No, U) Back of Halmet (Station No., 8)
Striking Striking
Holmat Velozity Velocity
No,  ft.[sec, Result on Falmet it./see, Aegult on Helmet
Gl gLl PP, alax, of inient-4,5% 908 PP, dlam. of indent-i,25"
G2 951¢ PP, dlam. of indent-4.5% G38%  PIP, 1,3"21.0" opening
G3 961*  PTF, 1.35"x1.25% openizg lost PTP, 1,2"x1.1" opening
Gl 95 PP, dlam, of iadent-L 5% 92 PP, alam, of indeat-i 2"
65 lost PTP, 1.3"x1.2" opening 0L PP, dian. of indent-k, 3"
36 93 PTP, 1,4"xl.2" opening gg3*e PTP, 1,3"x1,3" opening
a7 551 PP, diam, of indent-L 4* 965*  PIE, 1,47:1,0" opening
G2 95 ° P2, diam. of indent-k 3"
69 ‘ 904 PP, diam. of indent-4, 3"
Balliatic Limit - 956 £t./sec, Ballistic Linit - GL3 ft /sec,
Front of Helmat Sack of Helmet

*¢Disregarded becauee partial penetratioas occurred at 44, 22, and 2i ft./sec,
higher velocities.
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Holmet Nos: Gll - G20. Reduced draw. 0,037" thick at back (station No. 8).
Helmets in finished condition, edgings and loops attached and
painted,

Frojectiles: Caliber .45 Mi91l Piatol Ball Amnunition. Frankford Arsenal.
Covper-clal steel jacketed, hard lead cores.

Range: 25 feeat,
Front of Helmet (Statlon Yo, 4) Back of Melmet (Station No. §)
Striking Striking

Helmet Veloclity Velocity

bo,  ft./mec. RBesult on Helmet  ft /sec, Result on Helmet

Gl 909  PTP, 0.%3"x0.47" opening  673** P¥, diam. of indent-3.7"
Gl2 822 PIP, 0.65"x0,50" opening 685 PTP, 1.0%"20.6" opening
G13 781 PTP, 0.70"x0.U8" opening 703 PT?P, 0.85"20.52" opeaing

Glh lost PTP, 0.%0"x0.45" opening 116 P1F, 0.02"x0,.47" opening

a5 lost PT?, 1,4"x0,5" opening 652° PP, diam, of icdent-3, 5"
G16 713  PTP, 1.2"x0.5" opening 652*  PTP, 1.4"x0.50" opening
Gl17 6G3° FP, alam, of indent-3.7"  6u3* PP, diam, of indent-3.,5"
G18 695 PP, diem. of indent-3,7" -- -
Ballistic Limit - 705 ft./sac, Zallistic Limit - 652 ft./sec.
Front of Helmet Back of Helmet

*®Digregardied decause complete penetration occurrei st 21 f1./sec, lower
velocity.,
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Helmet Nos: Kl - E10, Reduced drav, 0.C38" thick at dack (etaticr Wo. B),
Helmets in finiehed condition, edgirg and locpe attached and
painted,

Erojectiles: Caliber .45 N191) Pictol Ball Ammunition. Lot E.C. 2UTOMX
(Ever sville Ordnurce Flant) gilding me tal Jacketed, soft lead
cores.

Bange: 25 feet,

Front of idelmet (Station Mo, U) Back cf Helzet {Statior Ko, B

———

Strikire Striking

Helmet Veleclity Velccity

Mo, ft.sec, __ Reuult on Aelvet  fi.[sec, _ _ Result on Helzet
Kl wher  PTP, 1.€"x1,2" opening cicwe PP, djam., of Incent-h, 3%
44 9(o* PE, cimn. of indent-k,L* g6 PTF, 1,3"x1.C5" opening
43 geH £F, alwm, of in;ent-”.h" G50 PP, 1.3"x0.¢% opening
ds Gole  FTP, 1.1"x1,)" opening .‘899 PIF, 1.3"2).0% opening
85 lost PP, winm, of inaent-b, 2" gy3 PTP, 1,3"x1,2" opening
Ho Qe P¥, diem, eof irndieat-<.3" 919 FTP, 1.3"x1.CY cpenlng
27 996  PTP, 1.35"x1,25" operirg FT PF, atan, of irdent-1,1"
kg 910 PTE, 1.8Yx1,1" oucning
H9 509 PP, 1.)7x1.05" openicg
ElC 862 FP, diam. cf {ndent-b 3

Bulliesic Limit - 967 ft,/eac, Ealliatic Limit - 2¢2 ft./sec.
Front of deimet Back ¢of EHelzet

s* i cregurded Yecnuse conplete penetrations occurrad st velocities of he. 4o,
ana X ft./sec. lower velocitles,

apperdix C ~ Page 15
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Felmet Nos: H1l - H0. Reduced drav. 0.038" trick at back (station Ne, E).

Helmets in finfeked condition, edging and loops attached and
painted,

Projectiles: Calibder L5 M19ll Pietol Be)l asmunition. ZFrankford Arsensal.

Copper-rlad steel Jacketed, nari lead cores,

Range: 25 feet,
Freot of Holmet (Statien No, L)  Back of Helmat (Station Fo, 8)
Strikirg Striking
Helmot Veloclty Velocity
Lo, £,/ sec, Reguit on Helmet_ ft./sec, __Result on Helmet
159 g ad PF, ¢lan of indont-2,7" 135 P7P, 1.C0"x0.8" cpening
Hi2 808 FTP, 1.)"x0,S" opening 105¢ PP, diar, o indent-3,6"
K13 5% PP, diam. of indent-3,&5% 781 PTP, 0.75"x0.72" opening
Lat 735 PTF, O.7"x(.5" opening 709  PTP, 1.0"10.5" opening
H1% lost PTP, 1.5"x0,6" opening 7214  PTP, 0.7"x0.5" openirg
K16 7850 PIP, 1,49x0.7" openirg 69% PP, diam, of indent-3,5%
K17 cu3 PP, dlam, of indent-2, k¥
K18 lost PP, dlereparded
Mo 73 PTP, 1,4"xC,5" openiig
735*  PTF, 0.55"20.€" opening

H20

ST P @ e -

Ballisetic Limit - 723 2t./sec. Ballistic Lizit - 707 ft./sec,
Froat of nelmet dack of Helme?

*¢ Dieregarced Yecause complete penetration cccurred at 31, and 19 ft./sec,
lower velocitiae, '

° .
.........
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Helnat Ninc: Kl = k5. Reguler araw. 0.040" tick at back (stetion No. §).
Preducod from sheete 0.CH1Y - 0.CH2" thick,

Projectiles: Cadiver L5 M1011 Pistol Ball Ammumition. Lot E.C. Z740X
(Eveneville Ordnerce Plant) zilding metal jacketed, soft lead
coTes,

Range: 25 feet,

_Front_of Helmet (Statiom Mo, Y) _ Bacr of Heimet (Station Xo, 8)

Striking Striklice
Helret Velocity Velocity
No, 11,/ 808, Result or_ Helmet fr./sec, Result on Helmet
71 999 PTP, 1.8"x1,3" opening 937*  PTP, 1.2"x1,25" opening
' G5 © PIP, 1.3"x1,0" opening £22 PP, diaz, of irdent-1.8"
K3 931e PP, dlar. of indent-4.)" g51 FI', clam. 92¢ indent-3,9*
Kb Gl Pf, alam., of indent-l 1" gGGe PP, dlam, of incent-l Q"
£> ga(e Y, aiam, of ingent-1,u"
sallistic Limit - 957 ft ,sec, Ballisic Limit - Q1R 1r./sec,
Frort of Helaet Back 0¢ Felaet
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Helmet Noe: K6 - K10, Regular draw, 0.CLO" thick at dback (stetion No. 8),
Produced fromw sheete 0,051 - C,05c" thick,

Projectilesa: Caliter ,L5 M151l Pistcl 3all Ammunition. Frankford Arsenal,
copper-clad steel jacketed, nerd lead cores,

Fange: 25 feet,

Front of Belzet (Station No. 4)  Back of Helmet !(Statior YNo, §)

Strikicg Striking

Helmot Velecity Velocity

No. = ft.[/sec, fesult on_Helwet ft,/sec. Result on Helmet
K6 g12  FTP, 1.C"x0.¢" openicg 638 PP, dlem. of indent-3,3¥
K7 72* PTF, 1.1"x0.7" openirg Y PP, aiem. of ircdent-3 L*
K8 o712 PP, aian, of irndgent-3,5" lost PP, dlam, of irdent-3, 3"
K9 JO=* PP, dlam. of indent-3,5" 755 PTP, 1.2"x0.7% opening
Kl 691* FPTP, 1.2"xC.7" opening

e W mmmn. S g - G

Ballistic Limit - 716 ft./sec, Ballistic Limit - 682 ft,/sec,
Front of Helmet Back of Helmet
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